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(54) Abstract Title 

Methods for manufacturing a complimentary integrated circuit 

(57) Two methods for manufacturing complimentary MOSFET devices are disclosed. The first (depicted in 
figs 1-3) comprises depositing dummy gate electrodes on a substrate, using these as ion implantation masks 
and then forming an insulation film over the substrate and dummy gate electrodes. The dummy electrodes a» 
removed separately and the recesses left in the insulation film are individually filled with different gate 
elertrode materials. The second method (depicted in figs 5 and 6) comprises separately forms gate electrodes 
of different material m recesses formde in an Insulation layer and then uses these actual electrodes as 
implantation masks. Electrode materials, insulation layer materials and composite electrodes are all disclosed 
The gate electrode materials preferably have a work function close to the work function of either n or o tvoe 
polysilicon. ^ 
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COMPLEMENTARY INTEGRATED CIRCUIT 
AND METHOD OF MANUFACTURE 

The present invention relates generally to a oomplementary 
integrated drcuit and a method of manufacturing the same. A particular 
arrangement relating to a complementary MISFET having a plurality of gate 
ele«rodes composed of different materials and its manufacturing method will 

' Ascribed below, by way Of example in illustration of the present 
invention. 

Complememanr integrated dicuits. espedally oompten»ma« 
MISFET inteo«ed Circuits have previously been preposed. in such 
P«viously proposed oomplententaiy MISFET integrated circuits, for exan»le 
retype polysillcon containing dWused phosphonis has been widely used as a 
material for gale electrodes. 

The n-^fpe polysiScon is advantageous in that it has a high 
resistance to heat and chemicals, that H is easy tor a high.»ncent,ation 
«npu,«y to b. introduced, and that i. is capable of providing a good interface 
^ a gate insulating Mm. tor example, it is capable o, providing an interface 
havrng good adhesion to the gate insulaUng «lm. Use of the n-type polysiioon 
as the gate electrodes may ho««v8r resuH in a p<*annel FET having a 
hteher «,reshold value than a desir*. value. A technique has thus been used 
tor lowering the threshold value of the ^„el FET by means of counter 
«op.ng. -ma, is, a technique has been used in which, in the p.:hannel FCT 
the p-lype impurity is introduced only in the vidnily of the surface ol the ' 
substrate. 

Nevertheless, with the minialurization of the integrated circuits 
themselves, there has been a need to lessen the depth of the counter 
doping impurity to be introduce! in the vicinity of the substrate surface 



making it difficutt to implement a fHJhannel FET using the n-type polysilicon 
gate. 

In order to deal with such a problem, in the case in which the gate 
length Is. for example. 0.25 n m or less, a so-called pn gate (or dual gate) 
configuration is employed in which the n-type polysilicon is used for the gate 
or gate electrode of the n- channel FET. and the p-type polysilicon is used 
for the gate or gate electrode of the p-channel FET. 

Such a pn gate configuration makes use of gate materials suitable 
respectively for the n-channel type FET and the p-channel type FET. and it 
is possible to miniaturize the pH:hannel FET in particular, as compared with 
the conventional nn gate (or single gate) configuration which uses only the 
phosphonis diffused n-type polysilicon as a gate material of both the p- 
channel FET and the n-channel FET. 

It is relatively easy in the pn gate configuration to provide two kinds 
of gate electrodes comprising mutually different gate materials on the same 
substrate. That is. poiysificon which does not contain impurity is first 
deposited on a substrate. Thereafter, n-type impurity is introduced only into 
an nHJhannel FET region and p-type impurity is introduced only into a p- 
channel FET region. k>cally by ion implantatton. TTiereby. an n-type 
polysilicon portion and a p-type poiysificon portion can be provideed on the 
substrate. 

Reference will now be made to Figs. 7A - 7D of the accompanying 
drawings which show cross sectional views illustrating successive steps in a 
previously proposed method of manufacturing a complementary MISFET 
integrated circuit having a pn gate configuration. 

First, as shown in FIG. 7A. a semiconductor layer is provkfed on an 
appropriate substrate 1. and an n-well region 203B and a p-well region 203A 
are provided via a predetermined element isolatfon regfon 202. Thereafter a 
gate insulating film 207 and a polysilicon film 221 are deposited thereon 
Then, as shown in Rg. 7B. the polysilicon film 221 and the gate insulating 
film 207 are selectively removed by using a technique such as 
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photolithography arnl etching. Thereby, a gate electrode 221 A is provided on 
a p-well region 203A via a gate insulating film 207A and a gate electrode 
221B is provided on an n-wefl region 203B via a gate insulating film 207B 
Aflenwards. as Illustrated in FIG. 7C. for example, only a region 
^ corresponding to the p^hannel FET is covered with a photo resist film 231 
and an n-type impurity 241 is ion implanted only into a region corresponding 
to the n-channel FET. Thereby, the gate 221 A of the n-channel FET is 
converted to an n-type gate, and n-type source/drain diffusion layers 205A 
are provided in the p-type well region 203A. Thereafter, the photo resist film 
231 IS removed. Subsequently, as shown in FIG. 7D. only a region 
corresponding to the n-channel FET is covered with a newly provided photo 
resist 232 and a p-type impurity 242 is ion implanted only into a region 
corresponding to the p-channel FET region. Thereby the gate 221B of the p- 
Channel FET is converted to a p-type gate, and p-type source/drain diffusion 
layers 205B are provided in the n-type well region 2038. Thereafter the 
photo resist film 232 is removed. Thus, the above-merrtioned pn gate 
configuration is completed. 

Furthemiore. in a complementary MISFET integrated drcuH including 
a combination of two different types of MISFETs. i.e.. n^rf^nnel type and p- 
channel type MISFETs. it would be effective to pmvide respective gate 
electrodes by using different materials for the n-channel FETs and p^rfiannel 
FETs. in order to achieve miniaturization or fining down and a high degree 
of imegration of the MISFETs. 

The reason is that the work functions, that is. electrical potentials 
peculiar to materials, of the gate materials suitable for obtaining good 
characteristics of FETs win be different in the n-channel FET and the p- 
Channel FET. and hence that use of a single material as a gate material may 
make it difficult for the n-channel FET and the p^hannel FET to offer good 
characteristics at the same time. 

More spea-fically. when the gate material suitabte for either one of 
the n-channel FET and the pK:hannel FET is used, a threshoW value of the 



other becomes higher than the desired value. In the event of a MISFET 
having a relatively large size, this deficiency could be overcome by 
controlling the threshold value by the counter doping method. With the 
progress of a MISFET toward miniaturization, it would however be necessary 
considerably to lessen the depth of and raise the concentration of the 
distribution of the impurity which is counter doped for controlling the 
threshold value. Therefore, it becomes difficult to apply the counter doping 
method thereto. 

On the contrary, the pn gate configuration can be a technique for 
separately using two different gate materials for the n^annel FET and the 
p-channel FET. However, the conventional pn gate configuration may suffer 
from the problem that it is difficult suffidently to increase the n-type or the 
p-type impurity concentration in the gate electrodes made of polysilicon. 

More specifically, the impurity is introduced by ion implantation from 
the top surface of the gate electrode made of polysilicon, and thence moves 
by diffusion to the underside of the gate electrode made of polysilicon which 
is in contact wHh the gate insulating film. It would be limitative to raise the 
diffusion temperature or to extend the diffusion time, since it is necessary to 
avoid the occurrence of the phenomenon that the impurity, espedally boron 
as a p-type impurity, penetrates through the gate insulating film. 

Therefore, an impurity concentration in the vicinity of the underside 
of the gate electrode made of polysilicon becomes relatively low, so that, 
upon the operation of the F€Ts. a depletion layer may be provided in the 
vicinity of the underside of the gate electrode made of polysilicon. As a 
result thereof, the FET gate insulating film may have an increased effective 
thickness, leading to a deterioration in the performance of the FETs. 

The influence of this gate depletion problem becomes more severe 
as the FETs get finer arKf as the gate insulating films get thinner, and it 
becomes remari^able. espedally in case in which the gate length is 
approximately 0.1 jim or less. 

On the other hand, it may be possible to solve the gate depletion 



problem by using metals as the gate materials. The metals are not only free 
from the occurrence of the depletion, but they are also advantageous in thai 
when metals are used as a gate material they often tend to lower the gate 
resistance. 

It would also be effectivie to use, as the gate materials, 
semiconductors which are deposited while doping a high-concentration 
impurity. By doping the semiconductor during its deposition, impurity of a 
higher concentration can be introduced than by the ion implantation. 

When the metallic materials or metal materials are used as the gate 
materials or the semiconductors, which are deposited while doping an 
impurity, are used as the gate materials, there arises the problem that it is 
difficult to provide two different types of gate electrodes composed of 
mutually different gate materials on the same substrate. 

That is. it is impossible to use the method in which the gates are 
separately provided of two different gate materials by means of ion 
implamaUon, as in the conventional pn gate configuration. 

In general, virith respect to gate electrodes made of metallic 
materials, it is more difficult to carry out the the formation of gate electrodes 
by etching as compared with the case in \iirtiich the gate electrodes are 
made of polysilicon. 

Features of a complementary integrated circuit and a manufacturing 
method therefor to be described below, by way of example in illustration of 
the present invention are that gate electrodes are fabricated by using 
different gate materials for the n-channel FET and the p-channel FET, that 
the problem of gate depletion can be minimised, that a fine and high- 
perfonnance complementary MISFET integrated circuit may be made 
comparatively easily, and that the difficulty in processing metallic materials 
and providing a complementary MISFET integrated drcuit which uses 
differem metaific gate materials for the n^hannel FET and p^^hannel FET 
may be minimised. 

In one anrangement to be described below, by way of example in 
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.«ustration Of ,he p^sem invention, an n-channe( effoel transistor has a 
gate elect^de in which a. least a portion contacting a gate insuteaing fiim is 

made of a nietal n«enal having a wo* function dose «, the wo* 
of n-type polysiioon. 

In this case. H is preferable that the metal material consists of a 
material selected fn,m a group consisting of zirconium and hafnium 

It is also preferable that at least a portion Of the gate electrode in 
contact With a gate insulating film is made Of the metal material, and a 
portion, other than the portion that is made Of the metal material, is made of 
a material having a predetemilned low elect*al »sistivi» 

«n archer anangement to be described below by way of example in 
•llustrahon of the prasem invention, a ,«hannel field effect transistor has a 
gate electmde in Which at teast a portion contacting a gate insulaung fifm 

'"«*°'-'"«al material having a wo* functionclose to the wo* function 
15 of fnype polysitcon. .«»•■ 

in this case. It is preferable that the metal material consisis of a 
material selected ftom a group consistinB of platinum silicide. iritfum silcide 
cobalt, nickel, itiodium. paladhjm rinnium and gold. 

Rhenium is a particulariy pretended metal material 

con.«. 1 "^"^ ««« -east a portion Of the gate eleCrtKte in 
contact wrih a gate insulating film is made of the metal material and a 
portion, other than the portion made of the metal material, is m«Je of a 
matenal having a predstenMned low electrical resisthity. 

Another aspect of an anangemem to be described, by way of 
example in illustration of the present invention, is that a complementanr 
.n.egrat«l circuit includes an n^ne. element having a gate electrod, in 
whch a. least a portion contacting a gale insulating film is made of a «« 

metal material having a wo* function dose to the wo* fu«tion of n-tyne 
polysilicon: and a ,«hannel element having a gale electrode in whichT 

least a portion contacting a gate insulating lilm is made Of a second metal 
material ha«ng a wo* function dose to the wo* function Of p. tw» 
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polysilicon. 

'"«^ case, it is preferable thai the first melal material is a material 
selected from a group consisting of zirconium and hafnium, and that tt» 

^"""-etal material is a materia, selected fn-n a Bn,up consisting Of 
5 platinum silidde. iridium silicide. cobalt, nictel. ri,p«um. palMum. ri«niun, 

and gold. 

a gmup consisting Of Zirconium 
and hafnium, and a second metal material of menium are particularty 
piiefeiTBd. ' 

10 '"**"*'«^'"»'«'aftethat.inthegateelea™deofthenH*annel 
element, at least a portion of the gale eleclmd. in contact wm, a gale 
-nsulafing is made of the first metal material, and tha, a portion, other 
than the portion made of the first metal material, is mads of a material 
havng a p,edetem*,ed low electrical »sis«vi,y. that, in the gate eiect^de of 
yp^<^ etement. a, least a portion of the gate elechode in contact with 
a gate .nsulaling film is made Of the second metal mat«ial. and that a 

portion, other than «,e portion made of the second metal material, is made 
of a material having a predetennined low electrical resistivi^ 

There win also be described, by way Of example m Hustralion of the 
^ZTZ " """"^ ' complementary integrated 

c«cu«. wh«h mdudes the steps of preparing a semicomfuctor subst«, 

provding a region tor pn«-ding an n^nnel element and a «Bio„*,r ' 
P-ovitfng a ^channel element on the semiconductor substol. via an 
element isolalion region, providing a dummy gate elecb»d. in each of the 
^ons P^viding an „^ ^ and the *,r p,ovi<,ng a p- 
channel element, providing n-type diffusion regions in the region for 
pnx^ng an n^nel element and provhing pHype diffusion regions in the 
region for providing a p<=hannel element; p«,viding an insubtir, fflm over 

Z^.^."""'^'^-*'^- 'amoving*, dummy gate 
provided m one Of the regions forp^viding en n.*ann,i J^^ 

»g.on for pmviding a p^hannef element to p^vide a*s.t.»nch in the 
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insulating film; filling the first trench with a gate elediDde material, removing 
the dummy gate provided in the other of the region for providing an n- 
channel element and the region for providing a pK^hannel element to provide 
a second trench in the insulating film, and filling the second trench with a 
gate electrode material. 

In this case, it is preferable that, in the n-type diffusion regions 
provided in the region for providing an n-channel element and in the p-type 
diffusion regions provided in the region for providing a p^rf^nnel element, an 
n-type impurity is ion implanted Into the regions for providing an n^annel 
element by using as a mask a resist film covering the region for providing a 
p-channel element and the dummy gate provided in the region for providing 
an n-channel element, and a p-type impurity is ion implanted into the region 
tor providing a pn^hannel element by using as a mask a resist film covering 
the region for providing an n-channel element and the dummy gate provided 
in the region for providing the pkdtannel element. 

It is also preferable that, in providing an insulating film over the 
entire surface of the semk»nductor substrate, the insulating film is arranged 
so as to cover both the dummy gate provided in the region for providing an 
n-channel element and the dummy gate provided in the region for provkiing 
a p-channel element; and the method torther includes, after the step of 
providing an insulating film over the entire surface of the semkx>nductor 
substrate, removing at least a portfon of the insulating film to expose the 
upper surfaces of the dummy gate provided in the region for provkfing an n- 
channel element and the dummy gate provkJed in the region for providing a 
p-channel element 

It is further preferable that the method includes, after the step of 
removing the dummy gate provided in one of the regfons for provkfing an n- 
channel element and in the region for providing a p^annel element to 
provide a first trench in the insulating film, provkfing a gate insulating film at 
the bottom portfon of the first trench, wherein, in the step of filling the first 
trench wtth a gate electrode material, the first trench is filled with the gate 
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electrode material within the first trench and on the gate insulating film 
provided at the bottom portion of the first trench, wherein the method further 
includes, after the step of removing the dummy gate provided in the other of 
the regions for providing an n-channel element and in the region for 
5 providing a p^Aannel element a second trench is provided in the insulating 
film, providing a gate Insulating film at the bottom portion of the second 
trench, and wherein, in the step of filling the second trench with the gate 
electrode material, the second trench is filled with the gate electrode material 
within the second trench and on the gate insulating film provided at the 
1 0 bottom portion of the second trench. 

H is advantageous that, in the step of filfing the first trench with a 
gate electrode material, a film made of the gate electrode malarial is 
provided on whole suriace of the semiconductor substrate so as to fill the 
first trench and is polished to expose the upper surface of the insulating film, 
and wherein, in the step of filling the second trench with the gate electrode 
material, a film made of the gate electrode material is provided on the whole 
surface of the semiconductor substrate so as to fill the second trench and is 
polished to expose the upper surface of the insulating film. 

It is also advantageous that a gate electrode material portion filing a 
trench provided in the region for providing an n^nel element among the 
first trench and the second trench includes a metal material which has a 
woric function dose to the woric function of n-type polysilicon at least at a 
bottom portion of the gate electrode material portion, and wheiBln a gate 
electrode material portion filfing a trench provided in the region for providing 
a p^annel element among the first trench and the second trench includes 
a metal material which has a woric function close to the woric funcb'on of p- 
type polysiicon at least at a bottom portion of the gate electrode material 
portion. 

It is further advantageous that a gate electrode material portion filfing 
a trench provided in the region for providing an n^nel element among 
the first trench and the second trench includes, at least at a bottom portion 
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thereof, a material selected from a group consisting of 2i«»rtum aiKi 
hafniur„. and wfierein a gate electrode mateHal portion filing a trench 
provided in ttie region for providing a pK*annel element among the m 

trench and the second trench includes, at least at a bottom portion thereof a 

matenal selected from a group consisting of platinum siScide. iridium silidde. 
cobalt, nickel, rhodhim. palladium, rtranlum and gold. 

II is also preferable that a gate etectrode material portion liing a 
trench p«,vided in the region for pn«idi„g an n^nel element among the 

first trench and the second trench includes, at least at a bottom portion 
thereof, n^ polysiioon deposited while doping iMirpe Impuiily. and 
"herein a gate eleclrade material portion filling a trench provided in the 
region lor providing a pndiannel elemem among the first trench and the 
second trench includes, at least at a bottom portion thereof. p.type 
polysilicon deposited while doping p^ype impurity. 

It is further preferable that a gate electrode material portion fWng a 
trench provided In the region for pnwiding an n^*am»| element among the 

first trench and the second trench includes, at least at a bottom portion 
thereof, a material having a work function dose to the work function Of n- 
type polysiBcon and that the other portton of the gate elecfnxte material 
portion includes a material having a predetermined tow etecbical reeistivi^r 
and wherein a gate electrode material portton filling a trench provkled in Ih^ 
region for providing a p^shannel elemem among the finrt twnch and «» 

second trench inckides. at leas, at a bottom portion thewof. a material 
having a wort< function dose to the wort, fundton of p-type polysilicon and 
that the other ponionof the gate eledrode material portton indudes a 
matenal having a predetermined tow electrical resistivity. 

Yet another method of manufaduring a oomplememaiy integrated 
orcuH to be described betow. by way of example in illustratton Of the 
iriventton. '"dudes the steps of preparing a semtoondudor substrate 
provdmg a region tor provkSng an n^„el element and a region for 

providing a ^dannel element on the semia,ndudor substrate via an 



element isolation region, providing an insulating film over the entire surface 
of the semiconductor substrate, selectively removing the insulating film to 
provide a first trench in the insulating film on one of the regions for providing 
an n-channel element and the region for providing a p^annel element; 
filling the first trench with a gate electrode material, selectively removing the 
insulating film to provide a second trench in the insulalii^ film on the other 
of the regions tor providing an n-channel element and the region for 
providing a p-channel element, filling the second trench with a gate electrode 
material, removing the insulating film, providing n-type diffusion regions In 
the region for providing ah n-channel element and providing p-type diffusion 
regions in the region for providing a p-channel eiemenL 

In this case, it is preferable that the method further includes, after 
the step of selectively removing the insulating film to provide a first trench in 
the insulating film on one of the regions for providing an nH^hannel element 
and the region for providing a p-channel element, providing a gate insulating 
film at the bottom portion of the first trench, wherein, in the step of filling the 
first trench with a gate electrode material, the first trench is fiHed with the 
gate electrode material within the first ttench and on the gale insulating film 
provided at the bottom portion of the first trench, wherein the method further 
includes, after the step of selectively removing the insulating film to provide 
a second trench in the insulating film on the other of the regions for 
providing an n-channel element and on the region for providing a p-channel 
element, providing a gate insulating film at the bottom portion of the second 
trench, and wherein, in the step of filling the second trench with a gate 
electrode material, the second trench is filled with the gate electiode material 
within the second trench and on the gate insulating film provided at the 
bottom portion of the second trench. 

It is also preferable that, in the step of filling the first trench with a 
gate electrode material, a film made of the gate electrode material is 
provided on whole surface of the semiconductor substrate^ so as to fill the 
first trench, and is polished to expose the upper surface of the insulating 
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film, and wherein, in the step of filling the second trench with a gate 
electrode material, a film made of the gate electrode material is provided on 
the whole surface of the semiconductor substrate so as to fiH the second 
trench and is polished to expose the upper surface of the insulating film. 

5 preferable that a gate electrode material portion filling a 

trench provided In the region for providing an n^rfiannel element among the 
first trench and the second trench includes a metal material which has a 
wori< function close to the woric function of n-type polysirioon. at least at a 
bottom portion of the gate electrode material portion, and wherein a gate 
10 electrode material portion filling a trench provided In the region for providing 
a p-channel element among the first trench and the second trench includes 
a metal material which has a work function dose to the wortc function of p- 
type polysiUcon at least at a tiottom portion of the gate electrode material 
portion. 

It is advantageous that a gate electrode material portion fililrig a 
trench provided in the region for providing an n^^hannel element among the 
first trench and the second trench includes, at least at a t>ottom portion 
thereof, a material selected from a group consisting of zirconium and 
hafnium, and wherein a gate electrode material portion filfing a trench 
provided in the region for providing a p^hanneletement among the first 
trench and the second trench includes, at least at a bottom portion thereof, a 
material selected from a group consisting of platinum sifidde. iridium silicide. 
cobalt, nickel, rtiodlum. palladium, rtienium and gokl. 

It is also advantageous that a gate electrode material portk>n filling a 
trench provided in the region for providing an n-channel element among the 
first trench and the second trench comprises, at least at a bottom portion 
thereof, n-type polysificon deposited while doping n-type impurify. and 
wherein a gate electrode material portion filling a trench provkJed in the 
region for providing a p^nel element among the first trench and the 
30 second trench inckjdes. at least at a bottom portion thereof, p-type 
polysilkxjn deposited while doping p-type impurity. 
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It is further advairtageous that a gate electrode material portion fiifing 
a trench provided In the region for providing an n^hannel element among 
the first trench and the second trench includes, at least at a t)ottom portion 
thereof, a material having a woric function dose to the work function of n- 
type polyslicon and the other portion of the gate electiDde material portion 
includes a material having a predetemiined tow electrical resistivity, and 
wherein a gate electrode material portion filBng a trench provided in the 
region for providing a ps^hannel element among the first trench and the 
second trench includes, at least at a bottom portion thereof, a material 
having a wortc function dose to the work function of p4ype polysiiioon and 
the other portion of the gate electrode material portion indudes a material 
having a predetennined low electrical resistivity. 

In a complementaiy integrated dicuit and in the method for its 
manufacture to be described below, by way of example in iUustration of the 
present invention, it is possible to avoid the depletion of the gate, and also, 
by using gate materials having suitable wort( functions for the nn^hannel 
element and pKJhannel element respectively, it is possible to implement a 
fine and a high-perfonnanoe complementaiy MISFET integrated tircuiL 

Furthemiore. by using abrasive or etch bade after filing the opening 
or trench with tiie eledrode materials, in ttie provision of the electrodes the 
second gate elediode can be processed and provided without affeding'the 
previously provided first gate electrode. Therefore, it becomes possible 
readily to provide a plurality of different gate eledrodes on the same 
substrate. 

Furthemiore. since the tedinique of separately providing the gates of 
different gate materials l)y ion implantation |s not used, any materials may 
be selected as the gate materials. 

Moreover, since etdUng is not used to process the gate eledrodes 
materials whidi are hard to etdi may be appfiedto the gate eledrodes. 
30 thereby providing a wider seledion of the materials. 

Anangements illustrabye of the invention will now be described, by 
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way of example with reference to the accompanying drawings, in which like 
reference numerals designate identical or conesponding parts and in which: 
Figs. lA to 1 D. Figs. 2A to 2D. Rgs. 3A to 3D and Figs. 4A to 4D are 
schematic cross sectional views IHustrating. in oider of process steps, the 
structures of a complementary integrated circuit during manufacture, and 
Figs. 5A to 5E and Figs. 6A to 6D are schematic cross sectional 
views illustrating, in order of process steps, the stnjctuws of another 
complementary integrated circuit during a manufacturing process. 

Refening to the drawings and first to Rg. 4D. there is shown a 
complementary imegrated drcuit 50 which includes an n^annel element SI 
having a gate electrode 11A made of a first metaific material or a metal 
material selected from a greup consisting of zirconium and hafnium, and a p- 
channel element 52 having a gate electrode 12B made of a second metallic 
material or a metal material selected from a greup consisting of platinum 
silidde. iridium silidde. cobalt. nid«l. rhodium, palladium, rhenium and gold. 

More spedfically. the complementary integrated drcuit SO indudes. 
as shown in Rg. 4D. a semicondudor layer 3 provided on an appropriate ' 
substrate 1 . the semicondudor layer 3 induding a p-well region 3A and an 
n-well region 3B whid, are provided via a predetemiined element isolaton 
region 2. 

In the n-channel element 51 . the gate electrode 11 A of the first 
metallic material is provided on a part of the surface of the pHweO region 3A 
via a gate insulating film 7A. Also, in the p^well region 3A and on both sides 
of the gate eiedrode 1 1 A. diffusion layers 4A and 5A containing 
predetermined n-type impurities are provided. The diffusion layere 4A and 
5A function as source/drain regions having an LDD structure. 

Similariy. in the pH:hannel element 52 the gate etectrode 12B of tiie 
second metal material is provided on part of the surface of the n-weH region 
3B via a gate insulating film 7B. Abo. in the n-well region 3B and on both 
sides Of the gate eiedrode 12B. diffusion layers 4B and SB containing 
predetermined p-type impurities are provided. The diffusion layere 4B and 
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5B function as source/drain regions having an LDD structure. Afeo. the gate 
electrodes 11 A and 12B are buried in an insulating film 23 if necessary. 
Although not shown in the drawing, it is possible to provide an interlayer 
insulating film on the insulating film 23 and the gate electrodes 1 1 A and 128. 
and. via through holes in the interiayer insulating film, to electrically couple 
the gate electrodes 1 1 A and 128 and source/drain ragions 5A and 58 vvith 
wiring, not shown in the drawing. 

The second metal material is preferably rhenium. 
In the anangement being described, the semiconductor substrate 
could also be made of SOI (silicon on insulator) and In a such case the p- 
well region and the n-well region may not necessarily be provided separately 
espedally for providing the n^^hannel element 51 and the p^nel element 
52. 

It is necessary in the present arrangement that the first metal 
material be one having a wori( function approximate to the wotk function of 
n* polysilicon and that the second metal material have a worf( function 
approximate to the wortc function of p* polysificon. 

As used herein, the woric function refers to an electrical potential 
proper to that material. 

Although In the above specific example, whole portions of the gate 
electrodes 1 1 A and 12B are provided of the first and second metal 
materials, respectively, the scope of the protection sought is not Bmited to 
such configurations. For instance, the gate electrode 11A constituting the n- 
channel element 51 may employ a mulH-layer structure consisting at least a 
lower layer made of the first metal material and being in contact with the 
gate insulating film 7A. and an upper layer made of a conductive material 
different from the first metal material and having a low etedrical resistivity. 

In the same manner, the gate electrode 128 making up the p- 
channel element 52 may employ a multi-layer structure including at least a 
tower layer made of the second metal material and being in contact with the 
gate insulating film 78. and an upper layer made of a conductive material 
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different from the second metal material and having a low electrkal 
resistivity. 

Aluminium, tungsten, titanium, titanium nitride, etc. have hitherto 
been used as the metal gate materials although they were not the most 
5 suitable for both nMOSFETs and pMOSFETs. because their work functtons 
are substantially intemnediate between those of n* poiysiikx)n and p* 
poiysilteon. 

It is considered that zirconium or hafnium are the optimum metal 
materials as the first metal material whk:h has a worfc fundton ck>ser to that 
10 of n* polysilkX)n that is most suitable for nlWIOSFETs. 

In addition to their appropriate woric functions, such metal materials 
have excellent features, such as a good chemical stability, a high 
antk»nrosk>n factor as a result of the fonnation of a steady oxkJe layer in the 
air. and a high resistance to heat. 

Since such materials have the disadvantage of high electrical 
resistivity, it Is prefened that there be employed a two-layer or muW-l^r 
gate electrode stmcture whteh Includes a tower layer in contact with the gate 
insulating film and made mainly of the first metal material, and an upper 
layer made of a metal having a low resistivity. In this case, rt is preferable 
20 that a film thickness of the first metal material, that is. zirconium or hafnkim 
be approximately 3 nm or more. 

The metal provkJing the upper layer in the gate electrode 11 A is 
preferably tungsten having a low electrical lesistivHy and being easy to 
process. Also, depending on the situatton. various metal sifiddes. such as 
titanium silidde and the like which are widely used in the conventional siikx>n 
processes, may be used. 

Furthermore, between the lower layer portion made of the first metal 
material and the upper layer portion made of tungsten and the Gke. there is 
preferably provided an adhesion layer of titanium nitride, tungsten nitride or 
30 the like. 

It has further been found ttiat platinum silk»de. iridium siUckie. cobatt. 
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nickel, rhodium, palladium, rhenium, gold. etc. are most suitable as the 
second metal material having a work function closer to that of p* polysilicon 
which Is the optimum material for pMOSFETs. In the present arrangement, 
one metal material selected from the group of metal materials is used as a 
material of the gate electrode 12B of the pKJhannel element 52. 

Similar to nMOSFETs. in respect of such metals as weU, the gate 
electrode is preferably of the hwo-layer or multi-layer stnicture in which the 
second metal material is used for the lower layer portion of the gate 
electrode 12B in contact with the gate insulating film 7B and a metal having 
low electrical resistivity is used for the upper layer portion thereof. 

The present arrangement is effective even in cases in which n* 
polysilicon is used for the gate electrodes of nMOSFETs or where p* 
polysilicon is used for the gale electrodes of pMOSFETs. 

More specifically, the use of the manufacturing method to be 
described herein, by way of example, will allow the gate materials of the 
nMOSFETs and pMOSFETs to be separately deposited, so that it is possible 
to introduce n-type or p-type impurities with a high concentration into 
polysiicon simultaneously with the deposition, in place of intnxiucing 
impurities into the poiysiioon by ion implantation. This process is earned out, 
for example, by depositing polysilicon while doping an impurity by using 
doping gas, when polysilicn is deposited by a CVD method. 

By using such a method, it is possible to raise the impurity 
concentration in the vidnity of the gate insulating film in a gate electrode 
made of polysincon. as compared with a previously proposed method, 
thereby making it possible to restrain the gate depletion. 

In such case, the multi-layer stmcture could be employed in order to 
diminish the resistance of the gate electrode, with the use of n* polysilicon or 
p* polysitoon only in the lower layer portions in contact with the gate 
insulating film, and with the use of a conductive material having low electrkal 
resistivity in the upper layer portions of gate electrodes. 

A detailed description wiU now be made of a specific example of a 



18 



0 



complementary integrated circuit and of its method of manufacture, with 
reference to the drawings. 

Figs. 1 A to ID. Rgs. 2A to 2D. Rgs. 3A to 30 and figs. 4A to 40. 
show cross sections of the complementary MISFET integfatedciicuit 50 
during manufacture. 

In this specific example, the source/drain diffusion layers are 
provided previous to the fonnation of the gate electrodes. 

First, as shown in Rg. i a. the p-well 3A. the n-well SB and the 
element Isolation insulating film 2 aie provided either on a semiconductor 
layer 3 on the semiconductor sutistiate 1 . or on the semiconductor sutistrate 
1 Itself, after which a protection film 21 and a film 22 are deposited in 
sequence. 

As shown in Rg. IB. using ordinary photolithography and etching, 
the protection film 21. and the film 22 are selectively removed, and dumn^ 
gates 25 and 26 are provided by leaving portions 21 A and 21B of the 
protection film 21 and portions 22A and 22B of the film 22 only at regions at 
which the gate electrodes are to be provided. 

Next, as shown in Rg. IC, only the p^^hannei element region is then 
covered wtth a photo resist film 31. and n-type impurities 41 are ion 
implanted into the n^rf^annel element region by using the dummy gate 25 as 
a mask to provide a shallow n-type souroe/drain diffusion layer 4A in the p- 
well 3A. 

As shown in F«. 10. the photo resist film 31 is then stripped off and 
only the n-channel element region is newly covered with a photo resist film 
32. and the p-type impurities 42 are ion implanted into the pK:hannel 
element region by using the dummy gate 26 as a mask to provxJe a shallow 
p-type source/drain diffusfon layer 48 in the n-weil 3B. 

As shown in Fig. 2A. the photo resist film 32 is then stripped off. and 
side wall insulating film spacers 14 composed of sificon oxide films and the 
like are provided at the sides of the dummy gales 25 and 26 by an ordinary 
technique using CVO and etch back. 
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Next, as shown in Rg. 2B. only the p^hannel element region is then 
covered with a photo resist film 33. and n^ype impurities 43 are ion 
implanted Into the n^hannel element region by using the dummy gate 25 
and the side wall insulating film spacers 14 as a mask to provide a deep p- 
type source/drain diffusion layer 5A in the p-well 3A. 

As shown in Rg. 2C. the photo resist film 33 is then stripped off and 
only the nK:hannel element region is newly covered with a photo resist film 
34. and the p-type impurities 44 are ion implanted into the p^^hannel 
element region by using the dummy gate 26 and side waH insulating film 
spacers 14 as a mask to pmvkte a deep p-type souice/drain diffusion layer 
5B in the n-well 38. 

It is also possible to make an impurity concentration of the 
source/drain diffusion layers 5A and 58 larger than that of the soui«e/drain 
diffusion layers 4A and 48. Then, as shown in Rg. 2D. the resist film 34 is 
15 removed. 

As shown in Rg. 3A. an insulating film 23. which may be made of 
silicon oxide and the like is then deposited on the overall surface of the 
substrate. In this arrangement, since the sidewall insulating film spacers 14 
and the insulating film 23 are both provided of silicon oxkle Wms. interface 
portions therebetween are not illustrated in the drawings after Rg. 3A. Then, 
as shown in Rg. 38. the upper surface of the insulating film 23 is planarized 
by ordinary abraston. pofishing or etch back so as to altow the top of the 
dummy gates 25 and 26 to be exposed. 

As shown in Rg. 3C. only the pn^hannel element regnn is then 
covered with a photo resist film 35. and only the dummy gate 25 in the n- 
channel element regton is seledhrely removed. Thereby, an opening or 
trench 45A is provided in the insulating film 23. 

As shown in Rg. 3D. the photo resist film 35 is then stripped off 
and. by the oxklation of the substrate or by the deposition of an insulaUrig 
film, a gate insulating film 7A is provided at the bottom portion of the trench 
45A. A gate electrode material film 1 1 for an iwrfwnnel l=ET made of the 
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above-mentioned first metal material Is further deposited on whole area of 
the substrate so as to fill up the trench 45A. 

As shown in Rg. 4A. the gate electrode materjal film 1 1 is then 
abraded, pofished or etched back until the surface of the insulating film 23 is 
exposed. Thereby, the gate electrode 1 1 A for an n^rfiannel FET Is provided. 

As shown in Rg. 4B. only the n-channel element region Is then 
covered with a photo resist film 36. and only the dummy gate 26 in the p-. 
channel element region is selectively removed. Thereby, an opening or 
trench 45B is provided in the insulating film 23. 

As shown in Rg. 4C. the photo resist film 36 Is then stripped off. 
and. by the oxidation of the substrate or by the deposition of an instilatiiig 
film, a gate insulating film 7B is provided at the bottom portion of the trench 
45B. A gate electrode material film 12 for a p-channel RET made of the 
above-mentioned second metal material is further deposited on whole area 
of the substrate so as to fill up the trench 458. 

As shown in Rg. 4D, the gate electrode material film 12 is then 
abraded or etched back until the surface of the insulaling film 23 is exposed. 
Thereby, the gate electrode 128 for a p^annel FET is provkled. 

Thereby, the stmcture of Rg. 4D is completed. The MISFET 50 is 
thereafter completed as a complementary integrated orcuit through 
deposition of interlayer insulating films, the formation of connection openings 
reaching the source/drain diffusk>n layers and the gate electrodes in the 
interlayer insulating film, and ttie formation of wiring. 

In such a spectfK example, a siEcon oxkte film, a polyslficon and a 
silicon oxkie film can be utifeed in combination, as the protection film 21. the 
film 22 and the insulating film 23. respectively. 8y using such leered films, it 
is possible, in the process of removing ttie dummy gates 25 and 26 in Rg. 
3C and Rg. 48. first to remove selectively only the polysilicon 22A or ^8 
through etching which uses chtorine gas. for example, and then to remove 
ttie thin silicon oxkie film 21A or 218 by means of less damaging etching 
which uses HF (hydrogen fluoride), for example. 
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The bottom portions of the trenches 45A and 45B must be subjected 
to even less damage since they provide channels of the f=ETs. Provision of 
the protection film 21. that is. 21 A and 21 B. will fulfill such a requirement 

With reference to Figs. 5A to 5E and Rgs. 6A to 6D. a detailed 
description will now be given of the configuration of another specific example 
of a complementary integrated circuit and the method of its manufacture. 

That is. referring to Figs. 5A to 5E and Rgs. 6A to 6D, there are 
shown cross sections of a complementary MISFET integrated circuit during 
manufacture. 

In this specific example the source/drain diffusion layers are 
provided after the formation of the gate electrodes. 

Rrst, as shown in Rg. 5A, a p-weil 103A, an n-weB 1038 and an 
element isolation insulating film 102 are formed on a semiconductor layer 
103 provided on a semiconductor substrate 101. or on the semiconductor 
substrate 101 itself in a known manner, after which a protection film 121 and 
a film 122 are deposited in sequence. 

The protection film 121 and the film 122 can t>e. for example, a 
silicon nitride film and a silicon oxide film, respective^. 

As shown in fHg. SB. using ordinary photolitliography and etching, 
the protection fibn 121 and the film 122 are then selectively removed, and an 
opening or trench 14SA is provided at the location at which the gate 
electrode of an n-channel FET is to t>e provided. 

Then, as shown In Rg. 5C. a gate insulating film 107A is provided at 
the bottom portion of the trench 14SA the oxidation of the substrate or 
deposition of an insulating film, and a film 111 including the above- 
mentioned first metal material for a gate electrode of an n-channel FET is 
deposited thereon so as to fill up the trench 14SA. 

As shown in Rg. 5D. the film 111 for a gate electrode is then 
abraded or etched t>ack until the surface of the insul£tfing fibn 122 t)eoomes 
exposed. Thereby, the gate electnxte 1 1 1 A for an n-channel FET is 
completed. 
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As shown in Rg. 5E. using ordinary photolithography and etching 
the protection film 121 and the film 122 are then selectively removed, and an 
opening or trench 145B is provided at the location at which the gate 
electrode of a p-channel FET is to be provided. 
5 Then, as shown in Rg. 6A. a gate insulating film 1 07B is formed at 

the bottom portion of the trench 1458 by the oxidation of the substr^e. or by 
the deposition of an insulating film, and a film 112 including the above- 
mentioned second metal material for a gate electrode of a p^rfiannel f=ET is 
deposited thereon so as to fill up the trench 145B. 
10 As shown in Rg. 68. the film 112 for a gate electrode is then 

abraded or etched back until the surface of the insulating film 122 becomes 
exposed. Thereby, the gate electrode 1 128 for a p-channel f=ET is 
completed. 

As shown in Rg. 6C. the remaining films 121 and 122 are then 
15 selectively removed by etching. 

In the case in which the film 122 is a silicon oxide film, hydrogen 
fluoride can be used for etching. It is to be noted that If the film 121 is thin it 
may remain undisturbed. Aflen«ards. sidewall insulating film spacers 108 ' 
are provided, and. by ion implantation and the like, source/diain diffusion 
layers 4A. 5A. 48 and 58 are provided. These process steps are 
substantially the same as those mentioned with reference to Rg. 1C to Rg 
2D. and a detailed descriptfon thereof is omitted here. Thereby, a structure 
as shown in Fig. 6D Is obtained. 

The MISFET whk:h is a complementary integrated circuit is 
thereafter completed through the deposition of interiayer insulating films the 
formation of connection openings reaching the source/drain diffusk>n layers 
and the gate electrodes in the interiayer insulating film, and the fbm«tton of 
wiring. 
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In the manufacturing process of the above-mentioned embodiment 
the gate electrode 11A or 111A remains buried in the insulating film 23 or ' 
122 during the the formation of the subsequently provided gate electrode 
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12B or 1 12B. For this reason, the step of providing the gate electrode 12B 
or 1 128 will not interfere with the gate electrode 1 1 A on 1 1 A, thus 
advantageously enabling the two different kinds of gate electrode to readily 
and separately be provided on the same substrate. 

Furthermore, the processing of the gate material films 1 1 and 12. or 
1 1 1 and 112 to provide the gate etectiodes can be effected by abrasion or 
polishing, for example, chemical mechanical polishing (CMP), mechanical 
polishing and the like. For this reason, it will be possible even for the 
materials which are hand to etch to be processed, thus conveniently 
providing more chok» in the materials used for providing the gate 
electrodes. 

The above embodiment is ananged such that the source/drain 
diffusion layers 4A and 5A are self-aligned with the gate electrode 11 A and 
that the source/drain diffusion layers 4B and SB are self-aligned with the 
gate electrode 12B. Similarly, the source/drain diffuston layers 104A and 
105A are self-aligned with the gate electrode 1 1 1A and the souioe/drain 
diffusion layers 104B and I05B are self-aligned with the gate etectrode 112B. 
Therefore, the present arrangement is appficable to any fine MISFETs of 0.1 
^m or less. 

Usable as the gate electrode material film 1 1 or 1 1 1 for an n- 
channei element is a stable metal such as zinoonium or hafnium having an 
appropriate work function. Alternatively, it is possible to use highly doped n- 
type polysilicon whrch is deposited while doping with. e.g.. phosphoms or 
polysilicon doped with. e.g.. phosphorus by diffusion from a gas source as 
the gate electrode material film 11 or ill for an n-channel element 
Available as the gate electrode material film 12 or 112 for a p-channel 
elemem is a stable metal, e.g., rhenium having an appropriate wortc function. 
Alternatively, H is possible to use highly doped p-type polysilicon which is 
deposited while doping with boron. In either case, the gate is restrained from 
becoming depleted as compared with the previously proposed pn gate 
configuration, where the gate electrodes are doped by using ion 
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implantation. 

The above description has been made with an illustration of the case 
in which the gate electrodes are of a single layer. However, the gate 
electrodes may be provided of a plurality of layered materials for the 
purpose of. e.g., redudng the resistance. For example, the tower and upper 
layers can be made respectively of a material for determining the work 
function and a material having a low resistance. To this end, the gate 
electrode material films 11 and 12 of Fig. 3D and Rg. 4C, or the gate 
electrode material films 111 and 112 of Fig. 5C and Bg. 6A may provide the 
laminated films, or multi-iayered films. 

In such a case, the gate electrode materials of the above description 
refer to materials at the lowest ends of the gate electrodes, that is. materials 
at portions in contact with the gate insulating films. This is due to the fact 
that the woric function to determine the characteristics of the FETs is 
detemiined by the iowenmost layer of the gate electrodes. When the gale 
electrodes are made of the lamination of a plurality of film materials, the n- 
channel FET and the p-channel FET can include the same gala electrode 
layers except the lowest ends thereof. 

In the above case, the FETs have had the source/drain diffusion 
layers each consisting of a shallow portion and a deep portion. However, the 
source/drain diffusion layers can be of a soK:alled single drain structure 
having a single depth. In such a case, the steps corresponding to Rg. 2A to 
Fig. 2D can be eliminated. 

As has been explained above, the presem anangement enables a 
complementary MISFET integrated circuit to be made which is easy to 
manufacture and capable of achieving both miniaturizatton and enhancement 
of perfomiance, compared with basic configurations. Thus ensuring that 
miniaturization is facilitated by allowing the use of different gate electrode 
materials for the n-channel element and the p-channel element, that high 
perfomiances is achieved by restraining the gates from becoming depleted, 
and that the conf^uration. which includes a plurality of gate materials can 
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easily be manufactured by employing a manufacturing method in which the 
gates are buried in the trenches. 

It will be understood that, although particular anrarigements 
illustrative of the invention have been described, by way of example, 
variations and modifications thereof, as well as other arrangements may be 
conceived within the scope of the appended claims. 
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1 . A method of manufacturing a complementary integfated circuit, 
including preparing a semiconductor substrate, providing a region for 
providing an n-channel element and a region for providing a p-channel 
element on the semiconductor substrate via an element isolation region; 
providing a dummy gate electrode In each of the regions for providing an n- 
channel element and in the region for providing a pK:hannel element: 
providing n-type diffusion regions in the region for providing an n-channel 
element and providing p-type diffusion regions in the region for providing a 
p-channel element; providing an Insulating film over the entire surface of the 
semiconductor substrate, removing the dummy gate provided in one of the 
regions for providing an n-channel element and in the region for providing a 
p-channel element to provide a first trench in the insulaHng film; filling the 
first trench with a gate electrode material, removing the dummy gate 
provided in the other of the regions for providing an n-channel element and 
in the region for providing a p-channel element to provide a second trench in 
the insulating film, and filling the second trench with a gate electrode 
material. 

2. A method of manufacturing a complementary integrated drcuit as 
claimed in claim 1, wherein, in the step of providing n-type diffusion regions 
in the region for providing an h-channel element, and providing p-type 
diffusion regions in the region for providing a p-channel element, an n-type 
Impurity is ion implanted into the region for providing an n-channel element 
by using, as a mask, a resist film covering the region for providing a p- 
channel element and the dummy gate provided in the region for providing an 
n-channel element, and a p-type Impurity is ion implanted into the region for 
providing a p-channel element by using, as a mask, a resist film covering the 
region for providing an n-channel element and the dummy gate provided in 
the region for provkiing a p-channel element. 
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3. A method of manufacturing a complementary integrated drcuit as 
claimed in claim 1, wherein, in the step of providing an insulating film over 
the entire surface of the semiconductor substrate, the insulating film is 
provided so as to cover the dummy gate provided In the region for providing 

5 an n-channel elenrtent and the dummy gate provided in the region for 
providing a p-channel element, in which the method further includes, after 
the step of providing an insulating film over the entire surface of the 
semiconductor substrate, removing at least a portion of the insulating film to 
expose the upper surfaces of the dummy gate provided in the region for 

0 providing an n-channel element, and the dummy gate provided in the region 
for providing a p-channel element 



4. A method of manufacturing a complementary integrated circuit as 
claimed in claim 1, wherein the method further includes, after the step of 
removing the dummy gate provided in one of the region for providing an n- 
channei element and the regions for providing a p-channel element, 
providing a first trench in the insulating film, providing a gate insulating film 
at the bottom portion of the first trench, wherein, in the step of filling the first 
trench wrth a gate electrode material, the first trench is filled with the gate 
electrode material within the first trench and on the gate insulating film 
provided at the bottom portion of the first trench, wherein the method further 
includes, after the step of removing the dummy gate provided in the other of 
the regions for providing an n-channel element and in the region for 
providing a p-channel element, the steps of providing a second trench in the 
insulating film, and providing a gate insulating film at the bottom portion of 
the second trench, and wherein, in the step of filling the second trench with 
the gate electrode material, the second trench is filled with the gate 
electrode material within the second trench and on the gate insulating film 
provided at the bottom portion of the second trench. 

5. A method of manufacturing a complementary integrated drcuit as 
claimed in claim 1, wherein, in the step of filUng the first trench with a gate 
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electrode material, a film made of the gate electrode material is provided on 
whole surface of the semiconductor substrate so as to fill the first trench and 
is polished to expose the upper surface of the insulating film, and 
wherein, in the step of filling the second trench with the gate electrode 
material, a film made of the gate electrode material is provided on whole 
surface of the semiconductor substrate so as to fill the second trench and is 
polished to expose the upper surface of the insulating film. 

6. A method of manufacturing a complementary intiegrated circuit as 
claimed in claim 1, wherein a gate electrode material portion filBng a trench 
provided in the region for providing an n-channel element among the first 
trench and the second trench Includes a metal material which has a wortc 
function close to the work function of n-type polysilicon at least at a bottom 
portion of the gate electrode material portion, and wherein a gate electrode 
material portion filling a trench provided in the region for providing a p- 
channel element among the first trench and the second trench includes a 
metal material which has a wortc function close to the wortc function of p-type 
polysiOcon at least at a bottom portion of the gate electrode material portion. 

7. A method of manufacturing a complementary integrated circuit as 
claimed in claim 1, wherein a gate electrode material portion filling a trench 
provided in the region for providing an n-channel element among the first 
trench and the second trench includes, at least at a bottom portion thereof, a 
material selected from a group consisting of zirconium and hafiiium, and 
wherein a gate electrode material portion filling a trench provided in the 
region for providing an p-channel element among the first trench and the 
second trench includes, at least at a bottom portion thereof, a material 
selected from a group consisting of platinum silidde, iridium silicide. cobaft. 
nickel, rtiodium. palladium, riienium and goM. 

8. A rriethod of manufacturing a complementary integrated circuit as 
claimed in claim 1, wherein a gate electrode material portton filling a trench 
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provided in the region for providing an n-channel element among, the first 
trench and the second trench includes, at least at a bottom portion thereof, 
n-type polysiiicx>n deposited while doping n-type impurity, and wherein a gate 
electrode material portion filling a trench provided in the region for providing 
a p-channel element among the first trench and the second trench includes, 
at least at a bottom portion thereof, p-type polysilicon deposited while doping 
p-type impurity 



9. A method of manufacturing a complementary integrated drcult as 
claimed in claim 1, wherein a gate electrode material portion filling a trench 
provided in the region for providing an n-channel element among the first 
trench and the second trench includes, at least at a bottom portion thereof, a 
material having a worit function close to the wotk function of n-type 
polysilicon and the other portion of the gate electrode material portion 
includes a material having a predetemfiined tow electrical resistivity, and 
wherein a gate electrode material portton filling a trench provided in the 
region for providing a p-channel element among the first trench and the 
second trench includes, at least at a bottom portion thereof, a material 
having a wotk function close to the wortc function of p-type polysilioon and 
the other portion of the gate electrode material portion includes a material 
having a predetermined tow etectrical resistivity. 

10. A method of manufacturing a complementary integrated drcuit. 
including preparing a semiconductor substrate; providing a region for 
providing an n-channel element and a region for providing a p-channel 
element on the semiconductor substrate via an element isolation region; 
providing an insulating film over the entire surface of the semiconductor 
substrate; selectively removing the insulating film to provide a fiist trench in 
the insulating film on one of the regions for providing an n-channel element 
and the region for providing a p^jhannel element; tilMng the first trench with a 
gate electrode material; selectively removing the insulating film to provide a 
second trench in the insulating film on the other of the regions for providing 
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an n-channel element and on the region for providing a p-channel element; 
filling the second trench with a gate electrode material; removing the 
insulating film; providing n-type diffusion regions in the region for providing 
an n-channel element and providing p-type diffusion regions in the region for 
providing a p-channel element. 

11. A method of manufacturing a complementary integrated circuit as 
claimed in claim 10. wherein the method further includes, after the step of 
selectively removing the insulating film to provide a first trench in the 
insulating film on one of the regions for providing an n-channel element and 
the region for providing a p-channel element, providing a gate insulating film 
at the bottom portion of the first trench, wherein, in the step of filling the first 
trench with a gate electrode material, the first trench is filled with the gate 
electrode material within the first trench and on the gate insulating film 
provided at the bottom portion of the first trench, wherein the method further 
includes, after the step of selectively removing the insulating film to provide 
a second trench in the insulating film on the other of the region for providing 
an n-channel element and the regions for providing a p-channel element, 
providing a gate insulating film at the bottom portion of the second trench, 
and wherein, in the step of filling the second trench with a gate electrode 
material, the second trench Is filled with the gate electrode material within 
the second trench and on the gate insulating film provided at the bottom 
portion of the second trench. 

12. A method of manufacturing a complementary integrated ctrcuit as 
claimed in claim 10, wherein, in the step of filling the first trench with a gate 
electrode material, a film made of the gate electrode material is provided on 
whole surface of the semiconductor substrate so as to fill the first trench and 
is polished to expose the upper surface of the insulating film, and wherein, in 
the step of filling the second trench with a gate electrode material, a film 
made of the gate electrode material is provided on whole surface of the 
semiconductor substrate so as to fill the second trench and is polished to 
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expose the upper surface of the insulating film. 



13. A method of manufacturing a complementary Integrated circuit as 
claimed in claim 10. wherein a gate electrode material portion filling a trench 
provided in the region for providing an n-channel element among the first 
trench and the second trench includes a metal material which has a worit 
function close to the work function of n-type polysifioon at least at a bottom 
portion of the gate electrode material portion, and wherein a gate electrode 
material portiori filling a trench provided in the region for providing a p- 
channel element among the first trench and the second trench includes a 
metal material which has a worit function close to the work function of p-type 
polysilicon at least at a bottom portion of the gate electrode material portton. 

1 4. A method of manufacturing a complementary integrated circuit as 
claimed in dalm 10, wherein a gate electrode material poition filling a trench 
provided in the region for providing an n-channel element among the first 
trench and the second trench includes, at least at a bottom portion thereof, a 
material selected from a group consisting of zirconium and hafnium, and 
wherein a gate electrode material portion filling a trench provided in the 
region for providing a p-channel element among the first trench and the 
second trench includes, at least at a bottom portion thereof, a material 
selected from a group consisting of platinum silickte. iridium sifickJe. cobalt, 
ntekel, rhodium, palladium, rhenium and gold. 

1 5. A method of manufacturing a complementary integrated circuit as 
claimed In claim 10, wherein a gate electrode material portion fiinng a trench 
provided in the region for provkling an n-channel element among the first 
trench and the second trench includes, at least at a bottom portten thereof, 
n-type polysifioon deposited while doping n-type impurity, and wherein a gate 
electrode material portion filling a trench provkJed In the region for provkfing 
a pKJhannel element among the first trench and the second trench includes, 
at least at a bottom portion thereof, p-type polysilk»n deposited whHe doping 
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p-type impurity. 

16. A method of manufacturing a complementary integrated circuit as 
claimed in claim 10, wherein a gate electrode material portion filling a trench 
provided in the region for providing an n-channel element aniong the first 
trench and the second trench includes, at least at a bottom portion thereof, a 
material having a woric function dose to the work function of n-type 
polysilicon and other portion of the gate electrode material portion includes a 
material having a predetermined low electrical resistivity, and wherein a gate 
electrode material portion filling a trench provided in the region for providing 
a p-channel element among the flist trench and the second trench includes, 
at least at a bottom portion thereof, a material having a work function dose 
to the woric function of p-type polysilicon and the other portion of the gate 
electrode material portion includes a material having a predetermined low 
electrical resistivity. 

17. A method of manufacturing a complementary integraled drcuit as 
claimed in daim 1 substantially as described herein with reference to Figs. 1 
to 6 of the accompanying drawings. 

18. A complementary integrated drcuit made by a method as claimed in 
any one of the preceding daims. 
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